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Description and Purpose of Landscape Conservation Cooperatives
Landscape Conservation Cooperatives (LCCs) are a network of 22 public-private partnerships, defined by ecoregion, that share and provide science to ensure the sustainability of land, water, wildlife, and cultural resources in North America. LCCs were established by the U.S. Department of the Interior (DOI) in recognition of the fact that response to climate change must be coordinated on a landscape-level basis because important resources, ecosystem processes, and resource management challenges extend beyond most of the boundaries considered in current natural resource management. Traditional boundaries include national wildlife refuges, Bureau of Land Management lands, national parks, and even international boundaries, but many ecological and natural resources cross all these boundaries. Therefore, DOI agencies must work with other Federal, State, Tribal (U.S. indigenous peoples), First Nation (Canadian indigenous peoples), and local governments, as well as private landowners, to develop landscape-level strategies for understanding and responding to climate change.
North Pacific Landscape Conservation Cooperative
The North Pacific LCC (NPLCC) covers the range of the Pacific coastal temperate rainforest, including an area of 528,360 km 2 spanning 22 degrees of latitude from the Kenai Peninsula, Alaska, to Bodega Bay, California. The coverage area includes parts of four States, two Canadian provinces, and more than 100 Tribes and First Nation language groups. It extends from alpine areas at the crest of coastal mountains across subalpine, montane, and lowland forests to the nearshore marine environment. This wide range of latitudes and elevation zones; terrestrial, freshwater, and marine habitats; and complex jurisdictional boundaries hosts a diversity of natural resources and their corresponding management issues are equally diverse.
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The specific mission of the NPLCC is to promote "development, coordination, and dissemination of science to inform landscape level conservation and sustainable resource management in the face of a changing climate and related stressors" (North Pacific Landscape Conservation Cooperative, undated). The strategy for identifying, prioritizing, and addressing science needs is the responsibility of the Science and Traditional Ecological Knowledge (S-TEK) Subcommittee, which established the following guiding principles in the NPLCC Strategy for Science and Traditional Ecological Knowledge, 2013-16 (S-TEK Strategy; Jenni and others, 2012) :
• Focus on helping managers understand the availability and effectiveness of adaptation and mitigation response actions; • Focus on facilitating coordination, collaboration, and capacity building, and on developing or assisting with tools to assist decision-makers; • Identify and promote opportunities to use Traditional Ecological Knowledge (TEK) to inform partner and stakeholder decisions; • Promote and facilitate understanding of the connections and interactions between ecosystems. These principles emphasize the importance of conducting activities that are immediately relevant to resource managers.
In addition to guiding principles, the S-TEK committee also identified five priority topics to be addressed in the first 4-year strategic plan:
1. Effects of hydrologic regime shifts on rivers, streams, and riparian corridors; 2. Effects of change in air temperature and precipitation on forests; 3. Effects of changes in sea levels and storms on marine shorelines, the nearshore, and estuaries; 4. Effects of the changes in the hydrologic regime on anadromous fish; and 5. Invasive species, diseases, pests, and their effects on biological communities.
Identifying Information Needs of Resource Managers
As evidenced by the S-TEK Strategy guiding principles (Jenni and others, 2012) , identifying and responding to the needs of resource managers is key to the success of the NPLCC. To help achieve this goal of the NPLCC, the U.S. Geological Survey (USGS) has organized several workshops with resource managers and resource scientists to identify management information needs relevant to the priority topics identified in the S-TEK Strategy (Woodward and others, 2014) . Here, we detail the results from a first workshop to address the effects of changes in hydrologic regime on rivers, streams, and riparian corridors. The workshop focused on a subset of the full NPLCC geography (see section, "Geographic Scope") and was structured to answer the following questions:
• What are the valued resources and services that may be affected by hydrologic regime changes in the region? • What are the management goals for those resources?
• How is climate change anticipated to affect valued resources and goals?
• What adaptation strategies may managers use in response to anticipated changes in resources due to climate-related hydrologic change? • What information is needed to inform and use management responses? The workshop was conducted in 1 day and was professionally facilitated using a decision analytic process (Keefer and others, 2004) .
Decision Analytic Process
Decision analysis (DA) is a framework and a process used to formally structure the decision-making process, and consists of relevant philosophy, theory, methodology, and professional practice (Keefer and others, 2004) . Decision analysis includes procedures, methods, and tools to help decision makers identify, clearly represent, and formally assess important aspects of a decision in order to recommend a course of action.
The influence diagram is an important tool often used during decision analysis to structure and to communicate the various components of a decision situation. Often used as the first step towards analyzing decision options, the influence diagram is a simple visual representation used to identify and to display the essential elements of a decision problem (Howard and Matheson, 2005; Pearl, 2005) . Elements include (1) objectives (what people would like to achieve in the particular situation being evaluated), (2) types of decisions and decision points (what actions can be taken to try to bring about more desirable outcomes), and (3) uncertainties (factors, events, and processes that affect outcomes but that are outside the control of decision-makers), and the relationships between all three elements. The influence diagram is a high-level conceptual model from which more detailed quantitative models can be built. We did not intend to develop quantitative models; rather, we used influence diagrams to describe the decision context, management actions, and desired outcomes for the group of natural resources addressed during each workshop as a means of conceptualizing the issues and creating consensus. 4 Influence diagrams were created using Analytica ® software developed by Lumina Decision Systems ® . In this format ( fig. 1.1 ), rectangles denote decision points (variables or factors that the decision-maker can modify), ovals denote uncertainties (variables or factors about which information is incomplete and that cannot be controlled directly), hexagons denote objectives or measures of satisfaction and what managers want to maximize, rounded rectangles denote general variables whose values are determined by the quantities on which they depend, and arrows denote influences of one variable on another. The influence indicated by arrows is not necessarily causal or related to a material flow; rather, the arrow denotes when knowledge about one variable is relevant to determining the value of another variable. 
Geographic Scope
The NPLCC encompasses a very diverse geography along the coast from Alaska to northern California. Previous workshops have focused on identifying topic-related information needs that are shared across the full geography (Woodward and others, 2014) . For this topic, the hydrologic regimes and projected climate-related changes in those regimes are sufficiently different across the region that management-related information needs might also be very different. Consequently, we focused the workshop on one of four subregions of the NPLCC defined based on climate, geology, and the resulting hydrologic regime. The workshop described in this chapter spans the NPLCC from mid-Washington to the northern end of the Klamath Mountains in southern Oregon. This subregion is typified by volcanic bedrock (basalt and andesite) in the Cascade Mountains and a diversity of substrates including sandstone and siltstone at low elevations (Franklin and Dyrness, 1973; Whitehead, 1994) , snowpack as an important driver of water availability and spring runoff (Barnett and others, 2005; Littell and others, 2010) , and the presence of valley (rather than tidewater) glaciers.
Climate Change Forecasts
Climate change forecasts for the focal area were presented as a webinar prior to the meeting. Participants could join the meeting in person or watch a recording at another time. Presenters included Ingrid Tohver (University of Washington Climate Impacts Group), who talked about hydrologic response to climate change, and Dan Isaak (U.S. Department of Agriculture, Forest Service Rocky Mountain Research Station), who talked about predicted changes in stream temperature.
With average annual air temperature projected to increase as much as 4.5 o C by 2071-2100 relative to 1950-99 (Abatzoglou and others, 2013) , the key climate effect on hydrology in the Pacific Northwest is predicted to be less snow. The effects will be most noticeable for midelevation basins, which are transitional between the rain-dominated low-elevation basins and snow-dominated basins at high elevations. These basins currently store 10-40 percent of winter precipitation as snow and release it as melt water later in the year (Hamlet and others, 2013) . As transient, and eventually even snow-dominated, basins transition to rain-dominated basins (fig. 2.1; Chang and others, 2012; Tohver and others, 2014) , hydrologic consequences will include earlier and higher peak spring snowmelt and flow, lower summer streamflow ( fig. 2. 2), and increased winter flood risk (Hamlet and others, 2013) . Increased air temperature also will affect stream temperature and, therefore, fish habitat. Although stream temperature is predicted to warm less rapidly than air temperature (Isaak and others, 2012) , predicted changes are for a 0.30-0.45 o C increase per decade during summer at unregulated sites based on analysis of 30-year records of stream temperature trends from sites including tributaries to the Columbia River and projected climate change (Mantua and others, 2010; Isaak and others, 2012) . Several studies indicate that changes in stream temperature will affect fish distribution (Rich, 2003; Comte and Grenouillet, 2013; Eby and others, 2014) . Notably, the short time series of information and the variety of statistical models used to project change lead to a high degree of variability and uncertainty among these predictions (Arismendi and others, in press ). The influences of local factors such as riparian canopy shading and land and water uses are sometimes more important than warming air on water temperature (Arismendi and others, 2012; Diabat and others, 2012) .
Both presenters identified datasets that are available or are being developed to describe predicted changes in flow regime and stream temperature for the focal area. These include the Columbia River Basins Project (http://warm.atmos.washington.edu/2860/), the Riverscape Analysis Project from the University of Montana (http://rap.ntsg.umt.edu/), and the NorWeST stream temperature database (http://www.fs.fed.us/rm/boise/AWAE/projects/NorWeST.html). Some fine-scale projections of flood and low-flow magnitudes are available for a few areas from the University of Washington (file onf-q100 at ftp://ftp.hydro.washington.edu/pub/hamleaf/).
Workshop Details
The workshop to identify the information needs of resource managers regarding changes in hydrologic regime was held in Portland, Oregon, on January 23, 2014. The workshop was organized by Andrea Woodward and facilitated by Karen Jenni (Insight Decisions) using the principles of decision analysis (Keefer and others, 2004) described in chapter 1 of this report. The overarching goal was to determine what information managers need in order to address the consequences of climate-change given management goals, high-priority resources, and available management tools. The workshop agenda is shown in appendix B.
Influence Diagram
A first-order conceptual model in the form of an influence diagram was developed early during the workshop. The influence diagram provided structure to a wide-ranging discussion, and highlighted areas for more detailed discussion and identification of potential information needs. It was used to draw attention back to the larger context during these detailed discussions so that identified information needs could always be connected to the decisions that information would be used to support, and to how that information would enable decision-makers to better achieve their management objectives for the valued resources. It is not, and was not intended to be, a definitive model of hydrologic regime shifts and all the potential impacts of those shifts. Rather, the goal of conceptual model development was to identify and clarify the group's consensus regarding relationships among: 3 Influence diagram showing a conceptual model of the relationships among valued natural and cultural resources potentially affected by hydrologic regime shifts and the management decisions, climaterelated factors, and related natural processes that may affect those resources and the ability to achieve the related management objectives.
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Climate Related Drivers
The group described river and stream conditions as fundamental to the status of valued resources and as the scale at which managers primarily take action. Climate change will affect conditions in rivers and streams directly and indirectly by affecting watersheds, and habitatforming processes. The emphasis during the workshop discussion of drivers of changes was on flood events and conditions leading to them, and rain-on-snow events in particular (Loukas and others, 2000; McCabe and others, 2007) . Factors affecting flood intensity due to rain-on-snow events potentially include the frequency of cold conditions, which result in snow, that are followed by 'atmospheric river' events, which bring warm air and heavy precipitation (Neiman and others, 2008; Leung and Qian, 2009 ). Changes in watershed area contributing to runoff due to shifts in rain-dominated, transient, and snow-dominated basins (Hamlet and others, 2013 ) also were discussed. The potential for atmospheric river events to differ from frontal storms in destructiveness was brought up, but dismissed as not an important distinction (Gordon Grant, Oregon State University, oral commun., 2014).
Other important factors related to flooding were mentioned. Specifically, the potential for rain on bare ground to also cause severe flooding should not be overlooked, and can result from fires or other disturbances (Ziemer, 1998; Miller and others, 2003; Tague and Grant, 2004; Grant and others, 2008) . Also, floods occur on a continuum of severity, and some level of flooding is beneficial. Besides creating and renewing aquatic habitat (Waples and others, 2009 ), floods may be less tolerated by non-native species compared with natives such that non-native species may be constrained by flood events (Marchetti and Moyle, 2001) . Finally, the timing as well as severity of floods is relevant to understanding the effects of those floods (Stewart and others, 2005) , including timing relative to periods of increased vulnerability represented by the presence of migratory species.
It also was noted that while the focus of climate change projections is often on changes in flood dynamics, in fact droughts may be more dangerous to fish and aquatic species, especially in systems where flows are managed for irrigation storage, which have a greater capacity to absorb high flows than to mitigate for low flows (Miles and others, 2000; Mote and others, 2003; Palmer and others, 2008) . Droughts are longer lasting than floods and may exceed the capacity of species to cope. Moreover, species in the Pacific Northwest are better adapted to surviving floods (Reeves, and others, 1995; Waples and others, 2008) than droughts, and therefore may have more tolerance for increased flooding, although justification for this statement is weak. Workshop participants suggested that it might be worthwhile to consider which species will be affected by changing hydrology in the next 5-10 years, rather than the next 30, because effects of drought may be apparent sooner than effects of flood events.
Participants expressed that while something is known about the linkage between meteorology and watershed condition, and between stream condition and status of valued resources, not enough is known about the intermediate relationships among watershed conditions and habitat-forming processes, which create river and stream conditions (see fig. 2.3) . The most important elements of river condition were identified as water, sediment, and organic material (primarily vegetation). Important habitat forming processes include scour, mobilization, transport and deposition of sediment as well as recruitment, deposition and retention of large wood. The scale at which least is known-the river and stream scale-is also the scale at which managers most often can take action.
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Valued Resources
As shown in figure 2.3, participants identified nine types of valued natural and cultural resources associated with rivers, streams, and riparian habitats for which hydrologic regime shifts were considered to pose a potential stress or management challenge. For each of these valued resources, the workshop participants also identified one or more management "objectives." The term "objectives" is used to differentiate these relatively general statements about what managers are trying to achieve with respect to the resources from the much more detailed and specific management "goals" that typically are associated with a particular project or specific resource. For example, a management objective for Fisheries might be to "maintain healthy fish populations," whereas a management goal might be to increase a given fish stock by a specific amount. The identified valued natural and cultural resources, and the management objectives for each are shown in table 2.1. Most of the valued resources were affected by climate through stream and river condition, but agriculture was identified as also being directly responsive to climate.
Key Information Needs
For purposes of workshop discussions, eight of the initially identified valued resources were grouped into three groups based on whether it was felt that the information needed to support decision-making about those resources would be similar (soils were not considered at this point):
• Wetlands and riparian areas, habitats at the interface between terrestrial habitats and rivers and streams. The most significant stresses will likely come from floods or sustained low flows.
• Aquatic habitats and fisheries, focusing on the biotic communities directly dependent on the flow regime and quality of water in rivers and streams.
• Infrastructure, agriculture, cultural resources and human habitat, all resources where the decision-making focus is on maintaining services of direct value and importance to humans.
For each of these three groups, workshop participants identified a set of key decisionrelevant information needs. In doing so, they first identified a set of management decisions or management questions related to the resources, then specified what information they would ideally have in order to make those decisions. The initial set of information needs usually led to the identification of additional information that would help meet the first information need, and so on.
The information structures diagrammed in figures 2.4-2.6 are meant to illustrate how information needs relate to one another, how information will be used, and an indication of the sequence in which information is needed. In this way, we attempted to limit the identification of information needs to those with the highest priority and greatest applicability. • Maintain / improve agricultural productivity • Address water availability, both physically through flow regulation and legally through allocation of water rights • Prevent water and insect-borne crop diseases Human habitat
• Protect human health (for example, through flood protection, provision of water for human uses, prevention of disease spread) • Provide recreational access and opportunities Cultural resources
• Protect Tribal history and culture • Protect historical sites • Maintain / provide aesthetic resources Soils
• The issue of soils as a valued natural resource potentially affected by hydrologic regime changes came up relatively late in the workshop and was not the focus of detailed discussion. However, it mainly related to the importance of soils in determining agricultural practices and acknowledgment that soils are only regulated when they cause turbidity and pollution in water.
Wetlands and Riparian Areas
The key information needs identified for wetlands and riparian areas is shown in figure  2 .4. The figure was created moving from right to left-starting with the management decisions that must be made in order to protect or manage the valued resources of wetland and riparian areas on the far right and then working "backwards," identifying the most directly relevant information that would be used to support those decisions first and then additional information that might be necessary to create the primary information needed. In developing a plan to provide the key information, the figure might be read from left to right-the information on the far left supports the development of the information in the middle of the diagram, which directly supports the decisions.
For this set of valued resources, participants asserted that the primary management decisions would be regarding water flow regulation and dam operations in regulated flow systems, and decisions about land use and water management in unregulated flow systems. Water management actions in unregulated systems include such activities as well use and irrigation withdrawals. Most research to date (2014) has focused on predicting effects of climate change on flow and stream temperature (Kundzewicz and others, 2008) . The key new information that workshop participants identified as necessary to support these decisions is an accurate understanding of how much of the climate-driven changes in hydrology can be addressed through each possible management action. Thus, there is a need to quantify the ratio of the amount of climate driven changes to the amount of change that can be addressed through management. We know that in regulated flow systems (regulated physically and legally), the capacity to adjust flow far exceeds the potential effect of climate change on flow, although doing so may reduce the capacity of the river to meet needs for energy, recreation, and irrigation (Hamlet and Lettenmaier, 1999; Palmer and others, 2008) . Given this capacity to adjust the amount and timing of flows, there is substantial ability to mitigate climate-driven changes in regulated systems. Less is known about the capacity to adjust flow in unregulated flow systems by adjusting land and water management, and about how that compares with the potential effect of climate change on flow. We also lack this information regarding the capacity of various management tools to affect stream temperature relative to potential changes due to climate change. Information that would be necessary to develop an understanding of that relationship includes predicted streamflows, specifically intensity, duration, and Intensity-Frequency-Curves (IDF curves; Durrans, 2010) . It also includes an assessment of the effectiveness of available management tools in both regulated flow and unregulated flow systems. The workgroup emphasized that, because management resources are limited, conservation and sustainable natural resource management entities must set priorities, deciding what management actions to take, and where and when to take those actions. Ideally, priorities would be set based on monetizing costs and benefits of management actions. A first step toward this involves improving our understanding of the benefits of various management actions such as wetlands restoration, floodplain reconnection, and side-channel enhancement on stream temperature, sediment, and other water quality measures. Many of these actions are being done today to support biodiversity goals, but could also have substantial benefits for water quality, especially temperature. An example from Oregon is Washington County's Clean Water Services, which is implementing a large shade program to maintain their permit for waste water discharge into the Tualatin River (Jonathan Soll, Oregon Metro, written commun., 2014). If they, or other utilities with a mitigation need, were able to invest in additional activities with confidence, the results could be mitigation for warming streams as well as improved aquatic system function and biodiversity. However, the required confidence in the effectiveness of additional mitigation activities requires better documentation of when such actions provide real benefit and better quantification of the amount of benefit.
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Fisheries and Aquatic Habitats
The key information needs identified for aquatic habitats and fisheries is shown in figure 2.5. For this set of valued resources, participants identified the primary management decisions as decisions regarding where to implement habitat protection and/or restoration activities. Filling the need for information requires identifying watersheds and reaches within watersheds where protection or restoration activities are likely to be successful. Other decisions regard choosing specific actions to undertake, but participants indicated that there is less uncertainty about what to do than where to do it.
Figure 2.5 Identified key information needs to support decision-making related to protection and management of aquatic habitats and fisheries that are subject of changing hydrologic regimes.
Therefore, participants identified vulnerability assessments of watersheds and identification of resilient stream reaches as the most important information needed to support management decisions. To date (2014), resource managers have planned activities based on watershed assessments, which do not consider changing climate (Beechie and others, 2003; Beechie and others, 2013) . Moving forward, climate change vulnerability assessments must become an important input to management decisions regarding fisheries and habitat protection and restoration; a framework for including vulnerability assessments as part of watershed assessments is needed. Some modules of watershed assessments likely can be easily modified to address climate vulnerability. Additionally, a tool is required at the reach scale to identify resilient reaches where resilience is defined as the ability to absorb substantial change in input factors without substantial change in ecosystem function. Important elements to evaluate may include upstream and downstream connectivity, floodplain connectivity, vegetation characteristics, geology, food web processes, and others (Roni and others, 2002; Bellmore and others, 2013) . These might be assessed by adapting the properly functioning condition (PFC) protocol used for riparian and wetland areas (Bureau of Land Management, 1998).
Developing assessment tools at both the watershed and reach scales depends on understanding that habitat quality is a function of flow regime, water quality (including temperature), and habitat complexity. At present (2014), we can make dynamic projections for flow and water quality, particularly water temperature (Isaak and others, 2012) , to describe changes due to climate change scenarios over time (Mote and others, 2003; Littell and others, 2010) . However, habitat complexity has only been described statically using habitat surveys. Recently, a qualitative stream evolution model (Cluer and Thorne, 2014) has been developed to describe the evolution of habitat over time; workshop participants felt that quantification of that model would make it more useful. Other factors in need of deeper understanding and predictive capability include the role of groundwater in providing thermal refugia (Tague and others, 2008) and the relationship of climate change to geology and consequent sediment load. Finally, although transient and snow-dominated basins have been identified as most sensitive to climate change (Hamlet and others, 2013) , there may be significant changes happening in rain-dominated basins as well (Chang and Jong, 2010) . Examples include changes in native species compositions and invasions of nonnatives that are linked to climate change (Lawrence and others, 2014) .
Infrastructure Planning, Agriculture, Human Habitats and Cultural Resources
Although these four types of valued resources were identified as having some commonalities, workshop participants focused primarily on infrastructure when identifying the potential information needs related to this set of resources. Although the other topics were discussed, there was insufficient time to develop diagrams for them. The key information needs identified for infrastructure resources is shown in figure 2.6.
For this set of valued resources, participants identified the primary management decisions as decisions about where and how to protect and maintain existing infrastructure, and about the design, location, and emplacement timing for new infrastructure. As with the other resources, the need of management entities to set priorities about where, when, and what actions to pursue also was identified as important. Priorities might be set based on vulnerability assessments, which categorize structures as 'fixable,' 'resilient therefore worthy of protection,' and 'cannot be fixed so do not waste money.' Participants emphasized the need for improved, detailed projections of water flows, especially flood-level flows. In particular, they identified the need for fine-scale information, to enable better understanding of local scale vulnerability and potential adaptation actions. Specifically mentioned was the importance of creating improved predictive tools (for example, regression equations and IDF curves) that account for non-stationarity in the frequency and severity of high-flow events (Merz and others, 2011; Yousef and Ouarda, 2013) . Work on this is being done for the focal geographic area by researchers at Oregon State University and the U.S. Department of Agriculture Forest Service (Gordon Grant, Oregon State University/Forest Figure 2.6 Identified key information needs to support decision-making related to protection and management of infrastructure that is subject of changing hydrologic regimes.
Service, oral commun., 2014). As was the case with aquatic habitats and fisheries, the participants indicated that there was relatively less need for additional information on the effectiveness of specific management actions related to infrastructure protection than for information on vulnerabilities.
This group also discussed the effect of changes in hydrology on agriculture, identifying the most important issue as water availability, both physically and legally. Physical access to water can be addressed in some locations using flow regulation, while legal access is determined by surface-water and groundwater rights and the laws determining how they are maintained or lost. Fundamentally, the information need is for tools to help farmers plan for changes in water availability-for both drought and flood planning. Farmers can respond to forecasts through such decisions as crop choice, including genetically modified crops, tilling methods, soil amendments, and others to mitigate for changes in soil moisture conditions, prevalence of pests and diseases, and other factors (Easterling and others, 1993; Reilly and others, 2003) . The importance of the response of soil to hydrologic change (Weltzin and others, 2003) came up relatively late in the workshop and was not the focus of detailed discussion. However, participants noted the importance of soils in determining agricultural practices and observed that soils are only regulated when they cause turbidity and pollution in water.
Protection on the basis of culture importance is afforded Tribal, archaeological, and historical sites. Management decisions regarding protection of these types of sites usually occur in the context of determining dam operations, infrastructure placement, and other resource management operations. Notably, dams can become subject to protection as historical structures at the same time they are tools for affecting other resources.
The participants also identified a need for better information regarding how to effectively communicate future changes to the public (Nisbit, 2010; Kim, 2012) . Public understanding of risks and consequences of hydrologic regime shifts, including the concept of non-stationarity (Cooley, 2013) , is needed to make better public decisions (for example, zoning regulations, infrastructure placement, federal flood zone maps) and personal decisions about where to live and work, and to anticipate changes in costs such as rates for utilities and flood insurance. Moreover, there are resource use conflicts that can best be resolved by negotiation among wellinformed parties. Specific examples include the conflict between engineered log jams in rivers for fish habitat versus passage for recreational boats; and riparian restoration for habitat and flood control versus an increase in pests as suggested by farmers. Within national parks, there is a need to weigh differing management requirements for natural resources, cultural resources, and visitor facilities, integrating among them when possible. Improved communication methods and tools would facilitate mutual understanding of the effects of climate-related changes in water flows on these resources of interest to multiple parties. Workshop participants were particularly supportive of communication tools in the form of interactive maps.
Tools for Resource Managers
Workshop participants discussed the watershed as the contextual spatial unit in which decisions are made about where to implement management actions. Therefore, tools for efficiently conducting vulnerability assessments for watersheds are an important need. In general, participants thought it would be useful to focus on the ratio of climate induced change to change that can be addressed by management (Beechie and others, 2013) . Specific watershed characteristics and other information listed by the group that would help in understanding the vulnerability of the watershed to climate-related changes in hydrology include connectivity, land 19 uses, geology, climate projections, abundance and location of thermal refugia, sediment transport, infrastructure, flood plain conditions, riparian condition, location of redds and other biologically significant features, location of culverts and other infrastructure (for example, buildings, levees, and others), and a measure of biodiversity. The ability to assess watershed vulnerability would be greatly enhanced by a tool that would enable streamlined collection and synthesis of these data, perhaps in checklist format that would be primarily based on extant data. Participants noted that, some data are more available than others. For example, Washington State does not have an adequate database for levees that would help determine where floodplains have been disconnected and where there might be restoration opportunities. Accordingly, some data collection might be required even for a streamlined vulnerability assessment tool.
Once the tool is created, it should be tested in a variety of ways. One option would be to use it in a few watersheds representing rain-dominated, transient, and snow-dominated conditions, or perhaps watersheds with sedimentary versus igneous bedrock geology, or compare watersheds with different ratios of change expected from climate change versus management potential. Another option is to compare results from the evaluation tool based on a subset of the available data versus all data in a data-rich watershed to see whether they indicate the same condition. It also makes sense to conduct vulnerability assessments in areas where damage to resources is urgent. An example is high elevation wetlands that are experiencing climate changedriven changes in depth, hydroperiod, and thermal conditions, and where native organisms also may be threatened by exotic fish stocked for sport fishing (Ryan and others, 2014) .
Vulnerability assessments can be used to determine where management actions should be conducted. They also can be used to communicate with the public regarding where the risks are, a justification for the planned response, and how to evaluate the trade-offs among the consequences of public policy. Vulnerability assessment work has been done for the Willamette (Jung and Chang, 2011) and Columbia Rivers (Hamlet and others, 2013) , which demonstrates methods and provides examples of leveraging funds to accomplish large-scale assessment projects.
In addition to tools for assessing vulnerability and resilience of watersheds, resource managers would benefit from tools that specifically describe the effects of land-use practices common in urban areas, such as impervious surfaces, wells, and septic systems, on streamflow. The most powerful tools presently (2014) available to meet this need are Hydrological Simulation Model-Fortran models. These models simulate hydrologic and associated waterquality processes on pervious and impervious land surfaces and in streams and well-mixed impoundments (Bicknell and others, 1997) , but they are very complex and difficult to apply. Perhaps a tool could be developed for watersheds based on global information system layers describing impervious surfaces, wells, and other hydrologically related structures. The Washington State Department of Ecology has such a tool for application to shorelines that may be adaptable to streams.
Summary
There were numerous commonalities in the key information needs identified for each set of valued resources, as well as a few unique needs. Figure 2 .7 represents a consolidation and summary of the needs identified in figures 2.4-2.6. In general, workshop participants identified several fundamental data gaps regarding hydrology and three categories of tools needed by resource managers to make the decisions appropriate for managing wetlands, riparian areas, infrastructure, and fisheries: (1) comprehensive vulnerability assessments of watersheds, (2) 20 estimates of the effectiveness of potential actions to create the desired change, and (3) tools for communicating with and engaging the public. These are summarized in Table 2 .2. Completing watershed assessments has additional information requirements for projections of the effects of climate change on streamflow, water quality, and habitat complexity as well as the location of infrastructure and resilient stream reaches. Making projections regarding the effects of climate change requires fundamental scientific understanding of the role of groundwater in hydrologic systems and the need to incorporate non-stationarity into projection of flows. This simplified list, background regarding the complexities of topics, and linkage of information needs to management decisions developed during this workshop will provide a firm foundation for NPLCC staff to prioritize needs and develop funding calls to address the effects of hydrologic regime shifts on rivers, streams, and riparian corridors. 
